Abstract: This paper presents a free available dataset, the CORINE land cover, which helps dealing with the biases caused by pre-defined and heterogeneous census district boundaries in airport catchment area analysis in Europe. Using this dataset and conventional GIS software it is possible to measure the size of the population within catchment areas at the same spatial level for all EU airports, allowing for consistent comparisons among airports. To illustrate the potential of the CORINE/GIS approach the size of the population in the catchment areas of all European airports was determined. The empirical exercise has an aggregate perspective, but this database presents many other possibilities of analysis to perform in a case-by-case basis.
Introduction: the Modifiable Area Unit Problem
Catchment area analysis is a way of estimating "the geographic area from which a large proportion of an airport's outbound passengers originate from, or inbound passengers travel to, and their geographic distribution within this area" (CAA, 2011, pp.5) . Insight into the nature and size of the catchment area is important. The size of the originating market is a significant determinant of airport performance, in terms of its attractiveness to airlines, traffic throughput, connectivity and seat capacity offered (Dobruszkes et al., 2011; Fröhlich and Niemeier, 2011; Humphreys and Francis, 2002) . Only airports with a substantial airline hub operation or a large inbound (tourism) market are able to grow beyond the size supported by the local originating market. Hence, airports use the catchment area potential in their marketing towards airlines. Catchment area analysis also helps policy makers in the forecasting of passenger demand (Lieshout, 2012) .
Nevertheless, calculating the potential size of the catchment area is not as straightforward as it seems. The potential of an airport's market will depend on basic features of the region where it is located (e.g., amount of population in the area, their propensity to fly, economic activities, airport access time), airport related factors (e.g., network supplied by the airlines) and airport competition. In addition, the depiction of airport catchment areas by drawing concentric circles around the airport based on maximum allowable access time has some important drawbacks. The discrete choice approach has been put forward as a better alternative (Lieshout, 2012) . However, this approach is more demanding from a technical and data point of view, and will there be less suitable for analyses at higher geographical scales and for cases where passenger survey data is not available.
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Such statistical biases may lead to non-accurate airport policy decisions.
This paper presents a free available dataset, the CORINE 2 land cover that helps dealing with the biases caused by pre-defined and heterogeneous census district boundaries in airport catchment area analysis. We apply a methodology that uses conventional GIS (Geographical Information System) software and provides an appraisal of the use of the CORINE land cover database for catchment area analysis.
The use of GIS in combination with the CORINE land cover database allows researchers and policy-makers dealing with catchment areas to assess their potential size at any geographical level in a relatively simple way. The approach allows researchers to measure population within the catchment area at the same spatial level for all EU airports. To show the potential of the database we calculated the population in the catchment areas of all European airports with scheduled traffic (N=459) at three geographical levels.
Data
The database is the version 4.1 of the "Population density disaggregated with the CORINE land-cover 2000" dataset from the European Environmental Agency (EEA, 2009 ). This dataset provides information about estimated population density for the EU27, Croatia and Moldova at a pixel size of one hectare. This is a level of detail much higher than the NUTS 3 level used in previous analyses (e.g., Redondi et al., 2013; Scotti et al., 2012; Lieshout, 2012; Papatheodorou and Arvanitis, 2009; Grosche et al., 2007) . Table 1 shows the substantial improvement in terms of data disaggregation that CORINE represents over the NUTS units. Considering the different data aggregation levels, in terms of area size, the average size of a NUTS 3 unit is 330,000 ha., while CORINE has a constant definition of 1 ha.
[ between European airports without the influence of administrative boundaries. Figure 1 shows the different population results using CORINE and NUTS 3 for the case of Peedell (2001) and Gallego (2007) for a detailed explanation on the algorithm used to estimate weighting coefficients.
The countries included in our analysis are the EU27 member states, Croatia, and Moldova. To determine whether an airport had scheduled traffic, we used data from the OAG (Official Airline Guide) for the year 2009, as it was the most recent data at our disposal.
Specification of the GIS analysis
Having the EEA's database as the main data source and by using GIS software (ArcGIS fixed-radius instead of access time using the underlying transport network for the calculation of the potential size of the catchment area. In addition, at the individual airport level, the size of the catchment area should be determined case-by-case to define the size of the relevant market, which might depend on other factors (e.g., propensity to fly, overlapping catchment areas, network supply, etc.) 4 . Nevertheless, given that the main goal of the paper is to show how GIS and CORINE can achieve consistent measurement of population living in the catchment area at the European scale, the same approach can be easily extended towards a fixed access time. Figure 2 shows the workflow used to carry out the GIS analysis.
[FIGURE 2 ABOUT HERE] Figure 2 . GIS workflow. Table 2 shows the list of European airports with largest numbers of population within 25, 50 and 100 km, and Figure 3 shows the location of these airports. Largest catchment areas are located in the most densely populated urban regions and in big metropolis. For the greatest distance (D = 100 km), airports with largest numbers of population in the catchment area are located in city regions: the Rhein-Ruhr region (Germany), the Brabant region (a long the border of The Netherlands and Belgium), London and English Midlands. Some unexpected airports pop-up within these city-regions, as not all airports with large population around them are airports with a lot of traffic. For example, Weeze (NRN), with less than 1.7 million seats in 2009, is the European airport with more population within a distance of 100 km. Paris-Pontoise airport (POX) also calls the attention; this is a small airport that has few scheduled traffic. This links with the traffic-shadow theory that states that the largest airport in any region will posses the greatest attractive power and, therefore, it will be able to attract passengers from distant areas (Taaffe, 1956) . Also, traffic is also influenced by other competition variables such as the lack of airport capacity, overlapping catchment areas, hub and airline operations, existence of large inbound markets and distance to the main air market (see, for example, Dobruszkes et al. (2011 and Liu et al. (2006) ). In other words, catchment area analysis should considerer competitive and attractiveness factors. 5 Still, in a context of limited airport capacity and a capacity crunch threat (see forecasts by Eurocontrol (2010)), these results may indicate that Europe be able to might increase airport capacity using existing infrastructure and provide a higher level of competition among airports.
Results
[ Figure 3 . Top 20 airports in terms of population in the catchment area.
Conclusions
The CORINE dataset and the GIS analysis have shown to be useful and contribute to consistent airport catchment area examination. This methodology can be of the interest to the aviation sector since it introduces the use of a free available database to do extensive comparative analyses of the population component of airport catchment areas in Europe and helps achieving consistent comparisons among European airports and dealing with the biases caused by pre-defined heterogeneous administrative districts.
The study has an aggregate perspective, but this database presents many other possibilities of analysis to perform in a case-by-case basis (e.g., market leakage analysis, catchment area overlap analysis, airport choice modeling, accessibility analysis, forecasting and route feasibility analysis). Future application of the database can, of course, use the underlying transport network to calculate travel times instead of fixedradius areas. In addition, the CORINE presents a broader database of other variables regarding land-use, such as the share of urban use, transport related land-use and industrial/commercial land-use, which can also be significantly important for airports to know the nature of their local market and define adequate commercial strategies. 
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